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METHOD AND APPARATUS FOR 
OFFLOADING DATA 

TECHNOLOGICAL FIELD 

0001. An example embodiment of the present invention 
relates generally to offloading data and, more particularly, to 
offloading cellular network data to a local area network 
using a dual mode router. 

BACKGROUND 

0002 The modern communications era has brought about 
a tremendous expansion of wireline and wireless networks. 
Computer networks, television networks, and telephony 
networks are experiencing an unprecedented technological 
expansion, fueled by consumer demand. Wireless and 
mobile networking technologies have addressed related con 
Sumer demands, while providing more flexibility and imme 
diacy of information transfer. 
0003. Due at least in part to the expansion of wireless 
networking technologies, some cellular networks have expe 
rienced congestion, lack of capacity, low throughput and/or 
bandwidth, difficulties controlling data costs, and inconve 
nience to the user. In addition to cellular networks, many 
user devices may be configured to access local area net 
works for data access. Some existing technologies may 
allow for a cellular network completely handing over a 
cellular network connection with a user device to a local area 
network. The handover process can be costly, complicated, 
and inefficient. 

0004. As a result, there is a need in the art for advanta 
geously offloading cellular network traffic to a local area 
network without completely handing over control of the data 
to the local area network. 

BRIEF SUMMARY 

0005 Methods, apparatuses, and computer program 
products are herein provided for offloading cellular network 
data to a local area network using a dual mode router. In an 
example embodiment, a method is provided, which may 
comprise establishing a cellular network connection to an 
access point; establishing a local area network connection to 
a user equipment; and at least one of receiving offloaded data 
for the user equipment from the access point via the cellular 
network connection; and relaying the offloaded data to the 
user equipment via the local area network connection; or 
receiving offloaded data for the access point from the user 
equipment via the local area network connection; and relay 
ing the offloaded data to the access point via the cellular 
network connection. 

0006. In another embodiment, an apparatus is provided 
that includes at least one processor and at least one memory 
including computer program code with the at least one 
memory and the computer program code being configured 
to, with at least one processor, cause the apparatus to at least 
establish a cellular network connection to an access point; 
establish a local area network connection to a user equip 
ment; and at least one of receive offloaded data for the user 
equipment from the access point via the cellular network 
connection; and relay the offloaded data to the user equip 
ment via the local area network connection; or receive 
offloaded data for the access point from the user equipment 
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via the local area network connection; and relay the 
offloaded data to the access point via the cellular network 
connection. 
0007. In a further embodiment, a computer program 
product is provided that includes at least one non-transitory 
computer-readable storage medium having computer-read 
able program instructions stored therein with the computer 
readable program instructions including program instruc 
tions configured to establish a cellular network connection to 
an access point; establish a local area network connection to 
a user equipment; and at least one of receive offloaded data 
for the user equipment from the access point via the cellular 
network connection; and relay the offloaded data to the user 
equipment via the local area network connection; or receive 
offloaded data for the access point from the user equipment 
via the local area network connection; and relay the 
offloaded data to the access point via the cellular network 
connection. 
0008. In yet another embodiment, an apparatus is pro 
vided that includes means for establishing a cellular network 
connection to an access point; means for establishing a local 
area network connection to a user equipment; and means for 
at least one of receiving offloaded data for the user equip 
ment from the access point via the cellular network connec 
tion; and relaying the offloaded data to the user equipment 
via the local area network connection; or receiving offloaded 
data for the access point from the user equipment via the 
local area network connection; and relaying the offloaded 
data to the access point via the cellular network connection. 
0009. In one embodiment, a method is provided that may 
comprise establishing a cellular network connection to an 
access point; establishing a local area network connection to 
a dual mode router; and receiving offloaded cellular network 
data from the dual mode router via the local area network 
connection or transmitting offloaded cellular network data to 
the dual mode router via the local area network connection. 
0010. In another embodiment, an apparatus is provided 
that includes at least one processor and at least one memory 
including computer program code with the at least one 
memory and the computer program code being configured 
to, with the at least one processor, cause the apparatus to at 
least establish a cellular network connection to an access 
point; establish a local area network connection to a dual 
mode router; and receive offloaded cellular network data 
from the dual mode router via the local area network 
connection or transmit offloaded cellular network data to the 
dual mode router via the local area network connection. 
0011. In a further embodiment, a computer program 
product is provided that includes at least one non-transitory 
computer-readable storage medium having computer-read 
able program instructions stored therein with the computer 
readable program instructions including program instruc 
tions configured to establish a cellular network connection to 
an access point; establish a local area network connection to 
a dual mode router; and receive offloaded cellular network 
data from the dual mode router via the local area network 
connection or transmit offloaded cellular network data to the 
dual mode router via the local area network connection. 
0012. In yet another embodiment, an apparatus is pro 
vided that includes means for establishing a cellular network 
connection to an access point; means for establishing a local 
area network connection to a dual mode router, and means 
for receiving offloaded cellular network data from the dual 
mode router via the local area network connection or trans 
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mitting offloaded cellular network data to the dual mode 
router via the local area network connection. 

0013. In one embodiment, a method is provided that may 
comprise providing for transmission to a user equipment of 
identification information associated with a dual mode 
router proximate the user equipment; providing for trans 
mission to the dual mode router of identification information 
associated with the user equipment; receiving a request from 
the dual mode router to offload cellular network data asso 
ciated with the user equipment to the dual mode router; and 
offloading the cellular network data associated with the user 
equipment to the dual mode router via a cellular network 
connection with the dual mode router. 

0014. In another embodiment, an apparatus is provided 
that includes at least one processor and at least one memory 
including computer program code with the at least one 
memory and the computer program code being configured 
to, with the at least one processor, cause the apparatus to at 
least provide for transmission to a user equipment of iden 
tification information associated with a dual mode router 
proximate the user equipment; provide for transmission to 
the dual mode router of identification information associated 
with the user equipment; receive a request from the dual 
mode router to offload cellular network data associated with 
the user equipment to the dual mode router; and offload the 
cellular network data associated with the user equipment to 
the dual mode router via a cellular network connection with 
the dual mode router. 

0.015. In a further embodiment, a computer program 
product is provided that includes at least one non-transitory 
computer-readable storage medium having computer-read 
able program instructions stored therein with the computer 
readable program instructions including program instruc 
tions configured to providing for transmission to a user 
equipment of identification information associated with a 
dual mode router proximate the user equipment; providing 
for transmission to the dual mode router of identification 
information associated with the user equipment; receiving a 
request from the dual mode router to offload cellular net 
work data associated with the user equipment to the dual 
mode router; and offloading the cellular network data asso 
ciated with the user equipment to the dual mode router via 
a cellular network connection with the dual mode router. 

0016. In yet another embodiment, an apparatus is pro 
vided that includes means for provide for transmission to a 
user equipment of identification information associated with 
a dual mode router proximate the user equipment; provide 
for transmission to the dual mode router of identification 
information associated with the user equipment; receive a 
request from the dual mode router to offload cellular net 
work data associated with the user equipment to the dual 
mode router; and offload the cellular network data associated 
with the user equipment to the dual mode router via a 
cellular network connection with the dual mode router. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0017. Having thus described several example embodi 
ments of the invention in general terms, reference will now 
be made to the accompanying drawings, which are not 
necessarily drawn to scale, and wherein: 
0018 FIG. 1 is a schematic representation of a system for 
offloading cellular network data to a local area network 
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using a dual mode router in accordance with an example 
embodiment of the present invention; 
0019 FIG. 2 is a block diagram of an apparatus that may 
be embodied as a device that is configured for offloading 
cellular network data to a local area network using a dual 
mode router in accordance with an example embodiment of 
the present invention; 
0020 FIGS. 3-4 are flowcharts of the operations per 
formed by an apparatus embodied by a user equipment for 
offloading cellular network data to a local area network 
using a dual mode router in accordance with one embodi 
ment of the present invention; 
(0021 FIGS. 5-6 are flowcharts of the operations per 
formed by an apparatus embodied by a dual mode router for 
offloading cellular network data to a local area network 
using a dual mode router in accordance with one embodi 
ment of the present invention; and 
(0022 FIGS. 7-8 are flowcharts of the operations per 
formed by an apparatus embodied by an access point for 
offloading cellular network data to a local area network 
using a dual mode router in accordance with one embodi 
ment of the present invention. 

DETAILED DESCRIPTION 

0023 The present invention now will be described more 
fully hereinafter with reference to the accompanying draw 
ings, in which some, but not all embodiments of the inven 
tions are shown. Indeed, these inventions may be embodied 
in many different forms and should not be construed as 
limited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will satisfy 
applicable legal requirements. Like numbers refer to like 
elements throughout. 
0024. As used in this application, the term “circuitry’ 
refers to all of the following: (a) hardware-only circuit 
implementations (such as implementations in only analog 
and/or digital circuitry) and (b) to combinations of circuits 
and Software (and/or firmware). Such as (as applicable): (i) 
to a combination of processor(s) or (ii) to portions of 
processor(s)/software (including digital signal processor(s)), 
Software, and memory(ies) that work together to cause an 
apparatus, Such as a mobile phone or server, to perform 
various functions) and (c) to circuits, such as a micropro 
cessor(s) or a portion of a microprocessor(s), that require 
software or firmware for operation, even if the software or 
firmware is not physically present. 
0025. This definition of “circuitry’ applies to all uses of 
this term in this application, including in any claims. As a 
further example, as used in this application, the term “cir 
cuitry would also cover an implementation of merely a 
processor (or multiple processors) or portion of a processor 
and its (or their) accompanying Software and/or firmware. 
The term “circuitry would also cover, for example and if 
applicable to the particular claim element, a baseband inte 
grated circuit or application specific integrated circuit for a 
mobile phone or a similar integrated circuit in server, a 
cellular network device, or other network device. 
0026. A method, apparatus and computer program prod 
uct are provided in accordance with an example embodiment 
of the present invention in order to offload cellular network 
data to a local area network using a dual mode router. In this 
regard. Some advantageous embodiments may allow an 
access point of a cellular network to offload cellular network 
traffic associated with a user equipment to a dual mode 
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router. The dual mode router may then transmit/receive the 
cellular network data associated with the user equipment 
to/from the access point via a cellular network connection, 
and then act as a rely to transmit/receive the cellular network 
data associated with the user equipment to/from the user 
equipment via a local area connection. 
0027. Although the method, apparatus and computer pro 
gram product may be implemented in a variety of different 
systems, one example of Such a system is shown in FIG. 1, 
which includes one or more terminal apparatuses (e.g., user 
equipment 10), one or more relay apparatuses (e.g., dual 
mode router 11), one or more network apparatuses (e.g., 
access point 12), and one or more networks (e.g., cellular 
network 14 and/or wireless local area network (WLAN) 15). 
0028. A user equipment 10 may be embodied as any 
computing device, such as, for example, a desktop computer, 
laptop computer, mobile terminal, mobile computer, mobile 
phone, mobile communication device, tablet computing 
device, game device, digital camera/camcorder, audio/video 
player, television device, radio receiver, digital video 
recorder, positioning device, portable digital assistant 
(PDA), pager, or any of numerous other computing devices, 
computation devices, content generation devices, content 
consumption devices, universal serial bus (USB) dongles, 
data cards or combinations thereof. As such, the user equip 
ment 10 may include one or more processors that may define 
processing circuitry either alone or in combination with one 
or more memories. The processing circuitry may utilize 
instructions stored in the memory to cause the user equip 
ment 10 to operate in a particular way or execute specific 
functionality when the instructions are executed by the one 
or more processors. The user equipment 10 may also include 
communication circuitry and corresponding hardware/soft 
ware to enable communication with other devices and/or the 
networks 14, 15. 
0029. An access point 12 may, for example, be at least 
partially embodied on an access point of the cellular network 
14 (for example, a macrocell, microcell, picocell, femtocell, 
closed subscriber group (CSG) cell, base station, base trans 
ceiver station (BTS), node B, evolved node B (eNodeB), 
access point (AP), group owner, mesh station (STA), mesh 
point, and/or the like), which may, for example be config 
ured to provide access to the cellular network 14 (e.g., via 
a radio uplink) to one or more of the user equipments 10. A 
dual mode router 11 may be embodied as any computing 
device configured to access both the cellular network 14 and 
WLAN 15, such as a relay, server, router, access point, base 
station, and/or the like. In this regard, the dual mode router 
11 may be configured to maintain a connection to the cellular 
network 14 and a separate connection to the WLAN 15 at the 
same time. In some embodiments, a dual mode router 11 
may be embodied as any user equipment 10 or access point 
12 device listed above having dual network access capabil 
ity. A network (e.g., cellular network 14 and/or WLAN 15) 
may comprise one or more wireline networks, one or more 
wireless networks, or some combination thereof. For 
example, a network may include a collection of various 
different nodes, devices, or functions that may be in com 
munication with each other via corresponding wired and/or 
wireless interfaces. 

0030 The cellular network 14 may, for example, com 
prise a serving network (e.g., a serving cellular network) for 
one or more user equipments 10. The cellular network 14 
may comprise, in certain embodiments, one or more of the 

Mar. 9, 2017 

user equipments 10, one or more of the dual mode routers 
11, and/or one or more of the access points 12 themselves. 
In some embodiments, the cellular network 14 may com 
prise a public land mobile network (for example, a cellular 
network). Such as may be implemented by a network opera 
tor (for example, a cellular access provider). While the 
cellular network 14 may be configured in accordance with 
current and future implementations of Third Generation 
Partnership Project (3GPP) Long Term Evolution (LTE) or 
LTE-Advanced (LTE-A) standards, the cellular network 14 
may employ other mobile access mechanisms such as Uni 
versal Mobile Telecommunications System (UMTS), Wide 
band Code Division Multiple Access (W-CDMA), 
CDMA2000, Time Division-Synchronous Code Division 
Multiple Access (TD-SCDMA), Global System for Mobile 
Communications (GSM), General Packet Radio Service 
(GPRS), Enhanced Data GSM Environment (EDGE), and/or 
the like. 

0031. The WLAN 15 may, for example, comprise a local 
network for one or more user equipments 10. The WLAN 15 
may comprise, in certain embodiments, one or more of the 
user equipments 10 and/or one or more of the dual mode 
routers 11 themselves. While the WLAN 15 may be con 
figured in accordance with Wi-Fi standards, the WLAN 15 
may employ other wireless network techniques, such as 
6LoWpan, Wi-Fi low power. Institute of Electrical and 
Electronics Engineers (IEEE) 802.11 techniques, IEEE 802. 
15 techniques, IEEE 802.16 techniques, and/or the like. 
0032. According to various embodiments, one or more 
user equipments 10 may be configured to connect with one 
or more access points 12 over the cellular network 14. In this 
regard, the one or more user equipments 10 may be config 
ured to access the cellular network 14 through the one or 
more access points 12, in some instances via one or more 
additional intervening network elements. Additionally, one 
or more dual mode routers 11 may be configured to connect 
with one or more access points 12 over the cellular network 
14. The one or more dual mode routers 11 may also be 
configured to connect to one or more user equipments 10 via 
the WLAN 15. In this regard, the one or more user equip 
ments 10 may be configured to access the WLAN 15, and 
therefore one or more other user equipments connected to 
the WLAN 15, through the one or more dual mode routers 
11. 

0033 FIG. 2 illustrates a block diagram of a generically 
described apparatus 20, which, in various embodiments, 
may be embodied by or otherwise included with any or all 
of the entities of the system described above. As shown in 
FIG. 2, the apparatus 20 may include or otherwise be in 
communication with a processing system including, for 
example, processing circuitry 22 that is configurable to 
perform actions in accordance with example embodiments 
described herein. The processing circuitry may be config 
ured to perform data processing, application execution, 
and/or other processing and management services according 
to an example embodiment of the present invention. In some 
embodiments, the apparatus or the processing circuitry may 
be embodied as a chip or chip set. In other words, the 
apparatus or the processing circuitry may comprise one or 
more physical packages (e.g., chips) including materials, 
components and/or wires on a structural assembly (e.g., a 
baseboard). The structural assembly may provide physical 
strength, conservation of size, and/or limitation of electrical 
interaction for component circuitry included thereon. The 
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apparatus or the processing circuitry may therefore, in some 
cases, be configured to implement an embodiment of the 
present invention on a single chip or as a single 'system on 
a chip.” As such, in some cases, a chip or chipset may 
constitute means for performing one or more operations for 
providing the functionalities described herein. 
0034. In an example embodiment, the processing cir 
cuitry 22 may include at least one processor 24 and at least 
one memory 26 that may be in communication with or 
otherwise control a communication interface 28 and, in 
Some cases, a user interface 30. As such, the processing 
circuitry may be embodied as a circuit chip (e.g., an inte 
grated circuit chip) configured (e.g., with hardware, Software 
or a combination of hardware and software) to perform 
operations described herein. However, in some embodi 
ments taken in the context of the user equipment 10, the 
processing circuitry may be embodied as a portion of a 
mobile computing device or other mobile terminal; in other 
embodiments taken in the context of the dual mode router 
11, the processing circuitry may be embodied as a portion of 
a relay or router; and in yet other embodiments taken in the 
context of the access point 12, the processing circuitry may 
be embodied as a portion of an eNodeB. 
0035. The user interface 30 (if implemented) may be in 
communication with the processing circuitry 22 to receive 
an indication of a user input at the user interface and/or to 
provide an audible, visual, mechanical or other output to the 
user. As such, the user interface may include, for example, 
a keyboard, a mouse, a joystick, a display, a touch screen, a 
microphone, a speaker, and/or other input/output mecha 
nisms. In some embodiments, the user interface includes 
user interface circuitry configured to facilitate at least some 
functions of the user equipment 10 by receiving user input 
and providing output. 
0036. The communication interface 28 may include one 
or more interface mechanisms for enabling communication 
with other devices and/or networks. In some cases, the 
communication interface may be any means such as a device 
or circuitry embodied in either hardware, or a combination 
of hardware and software that is configured to receive and/or 
transmit data from/to a network 14, 15 and/or any other 
device or module in communication with the processing 
circuitry 22, Such as between the user equipment 10 and 
another entity, such as a dual mode router 11 and/or access 
point 12. In this regard, the communication interface may 
include, for example, an antenna (or multiple antennas) and 
Supporting hardware and/or software for enabling commu 
nications with a wireless communication network and/or a 
communication modem or other hardware/software for Sup 
porting communication via cable, digital Subscriber line 
(DSL), universal serial bus (USB), Ethernet and/or other 
methods. 
0037. In an example embodiment, the memory 26 may 
include one or more non-transitory memory devices such as, 
for example, Volatile and/or non-volatile memory that may 
be either fixed or removable. The memory may be config 
ured to store information, data, applications, instructions or 
the like for enabling the apparatus 20 to carry out various 
functions in accordance with example embodiments of the 
present invention. For example, the memory could be con 
figured to buffer input data for processing by the processor 
24. Additionally or alternatively, the memory could be 
configured to store instructions for execution by the proces 
sor. As yet another alternative, the memory may include one 
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of a plurality of databases that may store a variety of files, 
contents or data sets. Among the contents of the memory, 
applications may be stored for execution by the processor in 
order to carry out the functionality associated with each 
respective application. In some cases, the memory may be in 
communication with the processor via a bus for passing 
information among components of the apparatus. 
0038. The processor 24 may be embodied in a number of 
different ways. For example, the processor may be embodied 
as various processing means Such as one or more of a 
microprocessor or other processing element, a coprocessor, 
a controller or various other computing or processing 
devices including integrated circuits such as, for example, an 
ASIC (application specific integrated circuit), an FPGA 
(field programmable gate array), or the like. In an example 
embodiment, the processor may be configured to execute 
instructions stored in the memory 26 or otherwise accessible 
to the processor. As such, whether configured by hardware 
or by a combination of hardware and software, the processor 
may represent an entity (e.g., physically embodied in cir 
cuitry in the form of processing circuitry 22) capable of 
performing operations according to embodiments of the 
present invention while configured accordingly. Thus, for 
example, when the processor is embodied as an ASIC, 
FPGA or the like, the processor may be specifically config 
ured hardware for conducting the operations described 
herein. Alternatively, as another example, when the proces 
sor is embodied as an executor of Software instructions, the 
instructions may specifically configure the processor to 
perform the operations described herein. 
0039. As noted above, in some embodiments, the user 
equipment 10, dual mode router 11, and/or access point 12 
may be embodied as or otherwise include an apparatus 20 as 
generically represented by the block diagram of FIG. 2. 
While the apparatus 20 may be employed, for example, by 
a mobile terminal in the case of a user equipment, a relay in 
the case of a dual mode router, and/or an eNodeB in the case 
of an access point, it should be noted that the components, 
devices or elements described above may not be mandatory 
and thus some may be omitted in certain embodiments. 
Additionally, some embodiments may include further or 
different components, devices or elements beyond those 
shown and described herein. While the following example 
embodiments are described with respect to one or more user 
equipments 10, one or more dual mode routers 11, and/or 
one or more access points 12, it should be appreciated that 
these elements may be embodied as or otherwise include an 
apparatus 20, and thus the functionality of the one or more 
user equipments 10, one or more dual mode routers 11, 
and/or one or more access points 12 described in the 
following example embodiments may be performed by 
various means of the apparatus 20 and/or its components, 
devices, or elements (e.g., means, such as the processing 
circuitry 22, the processor 24 or the like). 
0040 According to various embodiments, a user equip 
ment 10 may be configured to connect to an access point 12 
via a cellular network 14 (e.g., an LTE or LTE-A network). 
At any given time, the access point 12 may desire to offload 
the data traffic associated with the user equipment 10 to 
another device (e.g., dual mode router 11) or network (e.g., 
WLAN 15). For example, the access point 12 may wish to 
offload the user equipment 10 data traffic due to congestion 
on the cellular network 14, lack of capacity of the cellular 
network 14, low throughput and or bandwidth of the cellular 
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network 14, data cost control, convenience to the user, 
and/or the like. In these instances, the access point 12 may 
be configured to provide for transmission of a request for 
offloading information associated with the user equipment 
10. The user equipment 10 may receive the request and, in 
response, provide for transmission of a offloading informa 
tion report to the access point 12. The offloading information 
may comprise, for example, a media access control (MAC) 
address of the user equipment 10, a non access stratum 
(NAS) identifier of the user equipment 10, local area net 
work capabilities (e.g., whether user equipment 10 com 
prises a WiFi radio), and/or the like. This communication in 
the cellular network 14 between the user equipment 10 and 
the access point 12, in certain embodiments, may occur via 
signaling specific to requesting and reporting offloading 
information, such as radio resource control (RRC) signaling, 
a MAC communication element (CE), and/or the like. 
0041 After receiving the offloading information from the 
user equipment 10, the access point 12 may be configured to 
provide for transmission to the user equipment 10 of iden 
tification information associated with at least one dual mode 
router 11. The at least one dual mode router 11 may be 
located relatively proximate (e.g., within connectivity range 
of) the user equipment 10. That is, the access point 12 may 
be configured to determine at least one dual mode router 11 
neighboring the current location of the user equipment 10, 
and provide identification information (e.g., a list of iden 
tification information) related to the at least one dual mode 
router 11 to the user equipment 10. The identification 
information may comprise a MAC address of the dual mode 
router 11, a NAS identifier of the dual mode router 11, a 
service set identification (SSID) associated with the dual 
mode router 11, and/or the like. In some embodiments, the 
access point 12 may be further configured to provide for 
transmission to the dual mode router 11 of identification 
information associated with the user equipment 10. The 
identification information may comprise a MAC address of 
the dual mode router 11, a NAS identifier of the dual mode 
router 11, a service set identification (SSID) associated with 
the dual mode router 11, and/or the like. The communication 
in the cellular network 14 between the user equipment 10 
and the access point 12 as well as between the access point 
12 and the dual mode router 11, in certain embodiments, 
may occur via signaling specific to providing identification 
information, such as radio resource control (RRC) signaling, 
a MAC communication element (CE), and/or the like. 
0042. According to example embodiments, the user 
equipment 10 may be configured to connect to one of the at 
least one dual mode routers 11 identified by the access point 
12. In this regard, the connection may comprise a local area 
network connection, for example a WLAN 15 connection. In 
other embodiments, the user equipment 10 may already be 
connected to the dual mode router 11. In these embodiments, 
the existing connection between the user equipment 10 and 
the dual mode router 11 may not need to be reestablished. 
The WLAN 15 over which the user equipment 10 connects 
to the dual mode router 11 may be a separate network from 
the cellular network 14 over which the user equipment 10 
and dual mode router 11 are connected to the access point 
12. In some instances, the user equipment 10 may initiate the 
WLAN 15 connection with the dual mode router 11, while 
in other instances the dual mode router 11 may initiate the 
WLAN 15 connection with the user equipment 10. Prior to 
establishing the connection, the dual mode router 11 may be 
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configured to confirm, in certain embodiments, that the user 
equipment 10 is one of the user equipments 10 identified by 
the access point 12 as configured for offloading. According 
to example embodiments, the dual mode router 11 may skip 
authentication of any user equipment 10 identified by the 
access point 12 when establishing the WLAN 15 connection 
with the user equipment 10. The dual mode router 11 may 
further assign a higher priority to communications with the 
user equipment 10 to be offloaded than to communications 
with other devices connected to the dual mode router 11 that 
are not to be offloaded. For example, the dual mode router 
11 may be configured to send traffic first to those user 
equipments 10 configured for offloading and second to the 
remaining user equipments 10 not configured for offloading. 
In some instances, the dual mode router 11 may be config 
ured to assign the higher priority based at least in part on the 
type of the traffic, amount of traffic, type of the user 
equipment, channel quality experienced by the user equip 
ment, location of the user equipment, and/or the like. 
0043. In various embodiments, the dual mode router 11 
may notify the access point 12 that a connection to the user 
equipment 10 has been established. For example, the dual 
mode router 11 may provide for transmission to the access 
point 12 of an identifier of the user equipment 10 to be 
offloaded. The dual mode router 11 may request that the 
cellular network 14 traffic of the user equipment 10 be 
offloaded to the dual mode router 11, or in other embodi 
ments, the access point 12 may automatically begin offload 
ing the cellular network 14 traffic of the user equipment 10 
to the dual mode router 11. In this regard, the access point 
12 may begin transmitting all cellular network 14 traffic 
associated with the user equipment 10 to the dual mode 
router 11, for example, via the cellular network 14 connec 
tion with the dual mode router 11. The dual mode router 11 
may Subsequently relay the cellular network 14 traffic asso 
ciated with the user equipment 10 to the user equipment 10, 
for example, via the WLAN 15 connection. Similarly, the 
user equipment 10 may be configured to transmit to the dual 
mode router 11 the outgoing cellular network 14 traffic 
associated with the user equipment 10, for example via the 
WLAN 15 connection. The dual mode router 11 may sub 
sequently relay the outgoing user equipment 10 cellular 
network 14 traffic to the access point 12, for example, via the 
cellular network 14 connection. 

0044 According to other embodiments, the user equip 
ment 10 may initiate the offloading procedure rather than the 
access point 12. In some instances, the user equipment 10 
may be configured to provide for transmission to the access 
point 12 of an offloading request message. The offloading 
request message may comprise, for example, a MAC 
address of the user equipment 10, a NAS identifier of the 
user equipment 10, local area network capabilities (e.g., 
whether user equipment 10 comprises a WiFi radio), and/or 
the like. In other instances, the user equipment 10 may be 
configured to request offloading via the dual mode router 11. 
0045. In an example embodiment, the user equipment 10 
may transmit a probe request comprising an indication of 
offloading capability of the user equipment 10. For example, 
the probe request may comprise one or more bits of infor 
mation comprising the indication of offloading capability of 
the user equipment 10. The probe request may be a broadcast 
request to a plurality of dual mode routers 11 or a directed 
probe request to a particular dual mode router 11. The dual 
mode router 11 may be configured to receive the probe 
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request and, in response, to transmit a probe response. The 
probe response may, in certain instances, comprise an indi 
cation of the offloading capability of the dual mode router 
11. The probe request and response may be transmitted via 
RRC signaling, a MAC communication element (CE), and/ 
or the like. The user equipment 10 and dual mode router 11 
may establish a WLAN 15 connection in response to trans 
mitting and receiving the probe request and/or response. 
0046. In another example embodiment, the dual mode 
router 11 may transmit a beacon message comprising an 
indication of offloading capability of the dual mode router 
11. For example, the beacon message may comprise one or 
more bits of information comprising the indication of 
offloading capability of the dual mode router 11. The user 
equipment 10 may be configured to receive the beacon 
message and, in response, to transmit a beacon response. 
The beacon response may, in certain instances, comprise an 
indication of the offloading capability of the user equipment 
10. The beacon message and response may be transmitted 
via RRC signaling, a MAC communication element (CE), 
and/or the like. The user equipment 10 and dual mode router 
11 may establish a WLAN 15 connection in response to 
transmitting and receiving the beacon message and/or 
response. 

0047. In some embodiments, the dual mode router 11 
may be configured to provide for transmission of an offload 
ing confirmation request to the access point 12 to confirm 
that the user equipment 10 is capable of being offloaded to 
the dual mode router 11. For example, the dual mode router 
11 may confirm with the access point 12 that the user 
equipment 10 may be offloaded to the dual mode router 11 
prior to establishing a connection with the user equipment 
10. The offloading confirmation request may comprise an 
indication of the user equipment 10, for example a MAC 
address of the user equipment 10, a NAS identifier of the 
user equipment 10, and/or the like. The access point 12 may 
receive the offloading confirmation request and transmit an 
offloading confirmation response to the dual mode router 11 
in response indicating the offloading capability of the user 
equipment 10. The dual mode router 11 may be configured 
to receive the offloading confirmation response and, in some 
instances, to determine whether to establish a connection to 
the user equipment 10 based at least in part on the response. 
The communication in the cellular network 14 between the 
dual mode router 11 and the access point 12, in certain 
embodiments, may occur via signaling specific to requesting 
and responding to an offloading confirmation message. Such 
as radio resource control (RRC) signaling, a MAC commu 
nication element (CE), and/or the like 
0048. Once the WLAN 15 connection is established 
between the user equipment 10 and the dual mode router 11, 
the dual mode router 11 may notify the access point 12 that 
a connection to the user equipment 10 has been established. 
For example, the dual mode router 11 may provide for 
transmission to the access point 12 of an identifier of the user 
equipment 10 to be offloaded. The dual mode router 11 may 
request that the cellular network 14 traffic of the user 
equipment 10 be offloaded to the dual mode router 11, or in 
other embodiments, the access point 12 may automatically 
begin offloading the cellular network 14 traffic of the user 
equipment 10 to the dual mode router 11. In this regard, the 
access point 12 may begin transmitting all cellular network 
14 traffic associated with the user equipment 10 to the dual 
mode router 11, for example, via the cellular network 14 
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connection with the dual mode router 11. The dual mode 
router 11 may subsequently relay the cellular network 14 
traffic associated with the user equipment 10 to the user 
equipment 10, for example, via the WLAN 15 connection. 
Similarly, the user equipment 10 may be configured to 
transmit to the dual mode router 11 the outgoing cellular 
network 14 traffic associated with the user equipment 10, for 
example via the WLAN 15 connection. The dual mode 
router 11 may subsequently relay the outgoing user equip 
ment 10 cellular network 14 traffic to the access point 12, for 
example, via the cellular network 14 connection 
0049 FIGS. 3-8 are flowcharts illustrating the operations 
performed by a method, apparatus, and computer program 
product, such as apparatus 20 of FIG. 2, from the perspective 
of a user equipment 10 in regard to FIGS. 3-4, a dual mode 
router 11 in regard to FIGS. 5-6, and an access point 12 in 
regard to FIGS. 7-8 in accordance with one embodiment of 
the present invention. It will be understood that each block 
of the flowcharts, and combinations of blocks in the flow 
charts, may be implemented by various means, such as 
hardware, firmware, processor, circuitry and/or other device 
associated with execution of software including one or more 
computer program instructions. For example, one or more of 
the procedures described above may be embodied by com 
puter program instructions. In this regard, the computer 
program instructions which embody the procedures 
described above may be stored by a non-transitory memory 
device 26 of an apparatus employing an embodiment of the 
present invention and executed by a processor 24 in the 
apparatus. As will be appreciated, any Such computer pro 
gram instructions may be loaded onto a computer or other 
programmable apparatus (e.g., hardware) to produce a 
machine, such that the resulting computer or other program 
mable apparatus provides for implementation of the func 
tions specified in the flowchart block(s). These computer 
program instructions may also be stored in a non-transitory 
computer-readable storage memory that may direct a com 
puter or other programmable apparatus to function in a 
particular manner. Such that the instructions stored in the 
computer-readable storage memory produce an article of 
manufacture, the execution of which implements the func 
tion specified in the flowchart block(s). The computer pro 
gram instructions may also be loaded onto a computer or 
other programmable apparatus to cause a series of opera 
tions to be performed on the computer or other program 
mable apparatus to produce a computer-implemented pro 
cess Such that the instructions which execute on the 
computer or other programmable apparatus provide opera 
tions for implementing the functions specified in the flow 
chart block(s). As such, the operations of FIGS. 3-8, when 
executed, convert a computer or processing circuitry into a 
particular machine configured to perform an example 
embodiment of the present invention. Accordingly, the 
operations of FIGS. 3-8 define an algorithm for configuring 
a computer or processing circuitry 22, e.g., processor, to 
perform an example embodiment. In some cases, a general 
purpose computer may be provided with an instance of the 
processor which performs the algorithm of FIGS. 3-8 to 
transform the general purpose computer into a particular 
machine configured to perform an example embodiment. 
0050. Accordingly, blocks of the flowcharts support com 
binations of means for performing the specified functions 
and combinations of operations for performing the specified 
functions. It will also be understood that one or more blocks 
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of the flowcharts, and combinations of blocks in the flow 
chart, can be implemented by special purpose hardware 
based computer systems which perform the specified func 
tions, or combinations of special purpose hardware and 
computer instructions. 
0051. In some embodiments, certain ones of the opera 
tions below may be modified or further amplified as 
described above. Moreover, in some embodiments addi 
tional optional operations may also be included, and in other 
embodiments one or more of the operations may be 
excluded. It should be appreciated that each of the modifi 
cations, optional additions or amplifications above may be 
included with the operations below either alone or in com 
bination with any others among the features described 
herein. It should also be appreciated that the flowcharts are 
merely examples, and should not be seen as limiting the 
invention to a particular order. That is, certain embodiments 
may comprise one or more of the operations illustrated in the 
flowcharts in a different order. 
0052 Referring now to FIG. 3, the operations performed 
by a method, apparatus and computer program product of an 
example embodiment are illustrated from the perspective of 
a user equipment 10. The method may comprise establishing 
a cellular network connection to an access point at operation 
300. At operation 310, the method may comprise establish 
ing a local area network connection to a dual mode router. 
The method may also comprise receiving offloaded data 
from the dual mode router via the local area network 
connection at operation 320. 
0053 Referring now to FIG. 4, the operations performed 
by a method, apparatus and computer program product of an 
example embodiment are illustrated from the perspective of 
a user equipment 10. The method may comprise establishing 
a cellular network connection to an access point at operation 
400. At operation 410, the method may comprise providing 
for transmission of a probe request. The probe request may 
comprise an indication of offloading capability. Addition 
ally, the method may comprise receiving a probe response 
from a dual mode router at operation 420. The probe 
response may comprise an indication of offloading capabil 
ity of the dual mode router. At operation 430, the method 
may comprise establishing a local area network connection 
to the dual mode router based at least in part on the probe 
response. The method may also comprise receiving 
offloaded data from the dual mode router via the local area 
network connection at operation 440. 
0054 Referring now to FIG. 5, the operations performed 
by a method, apparatus and computer program product of an 
example embodiment are illustrated from the perspective of 
a dual mode router 11. The method may comprise establish 
ing a cellular network connection to an access point at 
operation 500. At operation 510, the method may comprise 
establishing a local area network connection to a user 
equipment. The method may further comprise receiving 
offloaded data for the user equipment from the access point 
via the cellular network connection at operation 520. At 
operation 530, the method may comprise relaying the 
offloaded data to the user equipment via the local area 
network connection. 
0055 Referring now to FIG. 6, the operations performed 
by a method, apparatus and computer program product of an 
example embodiment are illustrated from the perspective of 
a dual mode router 11. The method may comprise establish 
ing a cellular network connection to an access point at 
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operation 600. At operation 610, the method may comprise 
receiving a probe request from a user equipment. The probe 
request may comprise an indication of offloading capability 
of the user equipment. The method may further comprise 
establishing a local area network connection to the user 
equipment based at least in part on the probe request at 
operation 620. At operation 630, the method may also 
comprise providing for transmission of a confirmation 
request to the access point. The confirmation request may 
comprise a request to confirm the offloading capability of the 
user equipment. At operation 640, the method may comprise 
receiving a confirmation response from the access point. The 
confirmation response may comprise an indication of the 
offloading capability of the user equipment. The method 
may further comprise receiving offloaded data for the user 
equipment from the access point via the cellular network 
connection at operation 650. At operation 660, the method 
may comprise relaying the offloaded data to the user equip 
ment via the local area network connection. 

0056 Referring now to FIG. 7, the operations performed 
by a method, apparatus and computer program product of an 
example embodiment are illustrated from the perspective of 
a access point 12. The method may comprise providing for 
transmission to a user equipment of identification informa 
tion associated with a dual mode router proximate the user 
equipment at operation 700. At operation 710, the method 
may comprise providing for transmission to the dual mode 
router of identification information associated with the user 
equipment. The method may also comprise receiving a 
request from the dual mode router to offload data associated 
with the user equipment to the dual mode router at operation 
720. At operation 730, the method may further comprise 
offloading the data associated with the user equipment to the 
dual mode router via a cellular network connection with the 
dual mode router. 

0057 Referring now to FIG. 8, the operations performed 
by a method, apparatus and computer program product of an 
example embodiment are illustrated from the perspective of 
a access point 12. The method may comprise establishing a 
cellular network connection to a user equipment at operation 
800. At operation 810, the method may comprise establish 
ing a cellular network connection to a dual mode router. The 
method may also comprise providing for transmission of a 
request for offloading information to the user equipment at 
operation 820. At operation 830, the method may also 
comprise receiving a report comprising offloading informa 
tion from the user equipment. The offloading information 
may comprise at least one of a media access control address, 
a non access stratum identifier, and local area network access 
capability. The method may comprise providing for trans 
mission to the user equipment of identification information 
associated with the dual mode router proximate the user 
equipment at operation 840. At operation 850, the method 
may comprise providing for transmission to the dual mode 
router of identification information associated with the user 
equipment. The method may also comprise receiving a 
request from the dual mode router to offload data associated 
with the user equipment to the dual mode router at operation 
860. At operation 870, the method may further comprise 
offloading the data associated with the user equipment to the 
dual mode router via a cellular network connection with the 
dual mode router. 

0.058 Many modifications and other embodiments of the 
inventions set forth herein will come to mind to one skilled 
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in the art to which these inventions pertain having the benefit 
of the teachings presented in the foregoing descriptions and 
the associated drawings. Therefore, it is to be understood 
that the inventions are not to be limited to the specific 
embodiments disclosed and that modifications and other 
embodiments are intended to be included within the scope of 
the appended claims. Moreover, although the foregoing 
descriptions and the associated drawings describe example 
embodiments in the context of certain example combina 
tions of elements and/or functions, it should be appreciated 
that different combinations of elements and/or functions 
may be provided by alternative embodiments without 
departing from the scope of the appended claims. In this 
regard, for example, different combinations of elements 
and/or functions than those explicitly described above are 
also contemplated as may be set forth in some of the 
appended claims. Although specific terms are employed 
herein, they are used in a generic and descriptive sense only 
and not for purposes of limitation. 

1. (canceled) 
2. An apparatus comprising: 
at least one processor; and 
at least one memory including computer program code, 

wherein the at least one memory and the computer 
program code are configured to, with the at least one 
processor, cause the apparatus to at least: 

relay data received from an access point via a cellular 
network connection to at least one of a plurality of user 
equipments via a local area network connection to the 
at least one of the plurality of user equipments; and 

relay the data received from the at least one of the 
plurality of user equipments via the local area network 
connection to the access point via the cellular network 
connection, 

wherein the at least one memory and the computer 
program code are further configured to, with the at least 
one processor, cause the apparatus to: 

receive a probe request from the at least one of the 
plurality of user equipments, wherein the probe request 
comprises an indication of offloading capability of the 
of at least one of the plurality of user equipments; 

provide for transmission of a probe response to the at least 
one of the plurality of user equipments; and 

establish the local area network connection to the at least 
one of the plurality of user equipments based at least in 
part on the probe request. 

3. The apparatus of claim 2, wherein the at least one 
memory and the computer program code are further config 
ured to, with the at least one processor, cause the apparatus 
tO: 

receive identification information associated with at least 
one of the plurality of user equipments from the access 
point via the cellular network connection; and 

establish local area network connection to the at least one 
of the plurality of user equipments based at least in part 
on the received identification information. 

4. The apparatus of claim 2, wherein the at least one 
memory and the computer program code are further config 
ured to, with the at least one processor, cause the apparatus 
tO: 

provide for transmission of a confirmation request to the 
access point, wherein the confirmation request com 
prises a request to confirm the offloading capability of 
at least one of the plurality of user equipments; and 
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receive a confirmation response from the access point, 
wherein the confirmation response comprises an indi 
cation of the offloading capability of the at least one of 
the plurality of user equipments. 

5. The apparatus of claim 2, wherein the at least one 
memory and the computer program code are further 
arranged to, with the at least one processor, cause the 
apparatus to: 

provide for transmission of a beacon message, wherein 
the beacon message comprises an indication of offload 
ing capability; 

receive a response to the beacon message from at least one 
of the plurality of user equipments, wherein the 
response comprises an indication of offloading capa 
bility of the at least one of the plurality of user 
equipments; and 

establish a local area network connection to the at least 
one of the plurality of user equipments based at least in 
part on the response to the beacon message. 

6. The apparatus of claim 2, wherein the apparatus com 
prises a router. 

7. An apparatus comprising: 
at least one processor; and 
at least one memory including computer program code, 

wherein the at least one memory and the computer 
program code are configured to, with the at least one 
processor, cause the apparatus to at least: 

receive, at the apparatus, first offloaded cellular network 
data from a dual mode router via a local area network 
connection and transmit, from the apparatus, second 
offloaded cellular network data to the dual mode router 
via the local area network connection, 

wherein the first offloaded cellular network data is 
received by the dual mode router via a cellular network 
connection to a access point, the second offloaded 
cellular network data is transmitted by the dual mode 
router via the cellular network connection to the access 
point, and 

wherein the at least one memory and the computer 
program code are further configured to, with the at least 
one processor, cause the apparatus to: 

provide for transmission of a probe request, the probe 
request comprising an indication of offloading capabil 
ity; 

receive a probe response from the dual mode router, the 
probe response comprising an indication of offloading 
capability of the dual mode router; and 

establish the local area network connection to the dual 
mode router based at least in part on the probe 
response. 

8. The apparatus of claim 7, wherein the at least one 
memory and the computer program code are further config 
ured to, with the at least one processor, cause the apparatus 
tO: 

receive a request for offloading information from the 
access point; and 

provide for transmission of a report comprising offloading 
information to the access point. 

9. The apparatus of claim 8, wherein the offloading 
information comprises at least one of a media access control 
address, a non access stratum identifier, and local area 
network access capability. 
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10. The apparatus of claim 7, wherein the at least one 
memory and the computer program code are further config 
ured to, with the at least one processor, cause the apparatus 
tO: 

receive identification information associated with a dual 
mode router from an access point via the cellular 
network connection; and 

establish the local area network connection to the dual 
mode router based at least in part on the received 
identification information. 

11. The apparatus of claim 7, wherein the at least one 
memory and the computer program code are further config 
ured to, with the at least one processor, cause the apparatus 
tO: 

provide for transmission of an offloading request message 
to the access point; 

receive identification information associated with at least 
one neighboring dual mode routers in response to the 
offloading request message; and 

establish a local area network connection to one of the at 
least one dual mode routers based at least in part on the 
received identification information. 

12. The apparatus of claim 11, wherein providing for 
transmission of the offloading request message and receiving 
identification information are performed via signaling, and 
wherein the signaling comprises at least one of radio 
resource control signaling and a media access control com 
munication element. 

13. The apparatus of claim 7, wherein the at least one 
memory and the computer program code are further config 
ured to, with the at least one processor, cause the apparatus 
tO: 

receive a beacon message from a dual mode router, 
wherein the beacon message comprises an indication of 
offloading capability of the dual mode router; and 

establish the local area network connection to the dual 
mode router in response to receiving the beacon mes 
Sage. 

14. The apparatus of claim 7, wherein the apparatus 
comprises a user equipment or a mobile terminal. 

15. An apparatus comprising: 
at least one processor; and 
at least one memory including computer program code, 

wherein the at least one memory and the computer 
program code are configured to, with the at least one 
processor, cause the apparatus to at least: 

receive a request from a dual mode router to offload 
cellular network data associated with a user equipment 
to the dual mode router; and 

offload the cellular network data associated with the user 
equipment to the dual mode router via a cellular 
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network connection with the dual mode router, and 
receive cellular network data from the user equipment 
via the cellular network connection with the dual mode 
router, 

wherein the at least one memory and the computer 
program code are further configured to, with the at least 
one processor, cause the apparatus to: 

provide for transmission of a probe request, the probe 
request comprising an indication of offloading capabil 
ity; 

receive a probe response from the dual mode router, the 
probe response comprising an indication of offloading 
capability of the dual mode router; and 

establish the local area network connection to the dual 
mode router based at least in part on the probe 
response. 

16. The apparatus of claim 15, wherein the at least one 
memory and the computer program code are further config 
ured to, with the at least one processor, cause the apparatus 
tO: 

provide for transmission of a request for offloading infor 
mation to the user equipment; and 

receive a report comprising offloading information from 
the user equipment. 

17. The apparatus of any of claim 15, wherein the at least 
one memory and the computer program code are further 
configured to, with the at least one processor, cause the 
apparatus to: 

establish a cellular network connection to the access 
point; and 

establish a cellular network connection to the dual mode 
rOuter. 

18. The apparatus of claim 15, wherein the dual mode 
router is configured to maintain a connection to both a 
cellular network and a local area network at the same time. 

19. The apparatus of claim 15, wherein: 
providing for transmission to the dual mode router of 

identification information associated with the user 
equipment occurs in response to receiving a request 
from the dual mode router for an indication of whether 
the user equipment is configured for offloading: 

the identification information associated with the user 
equipment comprises an indication of whether the user 
equipment is configured for offloading; and 

the apparatus comprises a base station. 
k k k k k 


